An estimate has been made of the masses of heavy hadrons in nonrelativistic quark model, which includes spin and flavor-dependent hyperfine splitting for two quarks.
Introduction
A lot of data are available on the masses of mesons but the masses of most baryons have not been measured yet. Recently predictions about the heavy baryon mass spectrum have become a subject of increasing interest due to the current experimental activity of several groups at CERN, Fermilab and the Cornell Electron Storage Ring (CESR), aimed at the discovery of the baryons so far absent from the baryon summary table [1] . The copious production of heavy quarks at LEP, Fermilab Tevatron, CERN LHC and B factories, open for study the rich spectroscopy of heavy hadrons. So, a plausible theoretical prediction for the baryon mass spectrum becomes a guide for experimentalists.
Several models [2] [3] [4] [5] [6] [7] [8] [9] [10] have been used to evaluate the heavy baryon mass spectrum. The nonrelativistic quark model (NRQM), simple and economic one, has been able to explain very nicely the mass spectrum of light baryons and mesons. Many workers [3, 4] have studied the masses of heavy hadrons in NRQM. Long time ago, Singh and Khanna [3] , ignoring the effect of variation of strong coupling constant α s and |ψ(0)| 2 (the wave function value at origin) with flavor, had estimated the masses of heavy hadrons using the NRQM with the inclusion of spin and flavor-dependent hyperfine interaction between two quarks and between a quark and an antiquark. They assume |ψ(0)| 2 scale for the heavy baryons to be the same as that of hyperons. However, since |ψ(0)| 2 is a dimensional quantity it may be incorrect to ignore its variation with flavor. Evidence to corroborate this has been found in the quark model [11] [12] [13] as well as in the lattice calculation [14] . Moreover, α s is also scale dependent, so it will be worthwhile to include its variation with the mass scale.
In this paper, we calculate the masses of heavy hadrons in NRQM with the inclusion of variation of |ψ(0)| 2 and α s with flavor.
The experimental hyperfine splittings thus, may provide a reliable measure of the wavefunction at origin of the ground state baryons the value of which is needed in the lifetime estimates.
Many workers have tried to estimate the value of |ψ(0)| 2 for different quark flavors using different techniques [13] [14] [15] [16] [17] [18] . H. Y. Cheng [15] , using formula (5) has found the values respectively, for c and b sectors to be
and
Körner and Siebert [16] , from a fit to hyperfine splitting, have estimated the value of |ψ(0)| 2 for c-sector to be nearly 1.0 × 10 −2 GeV 3 . As mentioned in ref. [16] , NRQM with a funnel type potential [17] and electromagnetic mass differences in the hyperfine splitting formula Uppal and Verma [13] , using eqn. (5) have made an estimate of the ratio 
α s (µ)
The QCD coupling constant α s (µ) at any renormalization scale can be calculated from
and one has, the masses of heavy baryons are calculated. Following the usual convention that a particle symbol represents its mass, the results for c-sector are displayed in Table 1 whereas Table   2 Tables 1 and 2 .
Predictions have also been made for the masses of doubly heavy baryons using
Although it may not be an appropriate assumption, as no data are available in this sector, we can still make this choice. Moreover, when a particle contains two heavy quarks, in the heavy quark mass limit, the corresponding hyperfine splitting term (∝ 1/m i m j ) will give negligible contribution to the overall mass and hence will be less significant. Predictions made on this assumption along with those made by other workers, have been given in Tables 1-3 .
Heavy Mesons
Many different sets [8, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Table 4 and are in nice agreement with the experimental values.
It is interesting to note that the quark masses which give a best fit to the baryons are a little higher (except for the mass of u quark) than those which lead to a best fit to the mesons.
Because these quark masses are constituent quark masses, there are no theoretical reasons why the masses determined from the baryons should coincide exactly with those determined from the mesons. If we insist that a single set of quark masses hold for both baryons and mesons, and vary these masses, the overall best fit to the hadron data is significantly poorer and our predictions have greater errors.
Discussion
At present, many of the charm baryon masses are known experimentally, whereas in b-sector, only the mass of one b-baryon is known accurately. The charm baryon masses (in MeV) measured till date are [1] Λ c = 2285,
In 1994, WA89 Collaboration [30] had reported the observation of Ξ On the other hand, in the b-sector, only the mass of Λ b [1] baryon is known well and masses of the rest of the b-baryons are yet to be measured. The mass of Λ b baryon as predicted by us is in nice agreement with the experimental value [1] , whereas the rest of b-baryon masses predicted by us agree well with the predictions made by ref. [8] , as can be seen from Table 2 .
To have an estimate of the wavefunction value at origin, we make use of eqn. (5) i.e.
, so that one has
Using our preferred set of parameters, these ratios turn out to be
As the mass dependence of the strong coupling constant (eqn. 
The ratio for c-sector is little higher than the estimates of ref. [13] and that of lattice calculations [14] . It may be due to the fact that the ratio also depends on the strong coupling constant for light sector, whose value is not fixed. So different values of α s (m s ) will lead to different values of these ratios. Only the experimental data in future will give us better insight in this arena.
Note that, irrespective of introducing the parameters concerning the variation of wavefunction at origin with flavor, certain independent relations and mass shifts introduced in ref. [3] are satisfied here also:
The predicted masses may have large errors, so it may be useful to have an idea of the mass difference from the lowest lying heavy baryon. In b-sector, one has (in MeV):
To conclude, by allowing the variation of parameter b with flavor and introducing two more parameters, we are able to bring lot of masses of both baryons and mesons closer to the observed values.
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